Capillary Transfer as an Efficient Method of Transferring Proteins from SDS-PAGE Gels to Membranes
BioTechniques 26: [426] [427] [428] [429] [430] (March 1999) Immobilon ® -CD (CD) is an optimal membrane for internal sequencing of proteins, especially of N-terminally blocked proteins (1) . However, CD allows proteins to pass through during wet electrotransfer, as evidenced by the presence of proteins on a secondary membrane placed behind the CD. Therefore, we have tested capillary transfer as a means of transferring proteins from a sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel to both CD (Millipore, Bedford, MA, USA) and Immun-Blot ® polyvinylidene fluoride (PVDF) membranes (Bio-Rad, Hercules, CA, USA). Because virtually all proteins eluted from the gel were captured by CD and PVDF, this method proved to be much more efficient than electrotransfer.
Electrophoresis was performed in a Mini-PROTEAN ® II Apparatus (BioRad). The (i) Rainbow™Protein Molecular Weight Markers (mwm) (Amersham Pharmacia Biotech, Piscataway, NJ, USA), (ii) SDS-PAGE broad range molecular weight standards (mws) (Bio-Rad) and (iii) extracts of MCF-7 cells were each loaded to give 3, 3.6 and 30 µ g of total protein per lane, respectively, on a 9% SDS-PAGE gel (1.0 mm thick) using the Laemmli buffer system. For each transfer system, both the CD and PVDF membranes were placed on the same gel adjacent to each other. The smooth side of CD was toward the gel, because it is better suited for protein binding and staining. A secondary PVDF was placed behind both the primary CD and PVDF as a back-up membrane. The proteins were electrotransferred for 1 h at 250 mA in CAPS buffer [10 mM 3-(cyclohexylamino-1-propane sulfonic acid), pH 11.0, 10% methanol] (3).
The capillary transfer procedure used was similar to that outlined previously (4). The reservoir was filled with CAPS buffer. The membranes were arranged as with the electrotransfer above. A plastic support was then placed on top of the stack of paper towels. A 1-kg weight was placed on top for 2 h followed by 2 kg of weight for 18 h. The CD membrane was stained with the negative Immobilon-CD stain (Millipore) , the PVDF was stained with colloidal-gold stain (Bio-Rad) and the gel was stained with Coomassie ® Blue. The spot density measurements of the membrane and the gel were performed with a ChemiImager ™4000 (Alpha Innotech, San Leandro, CA, USA).
Capillary and electrophoretic transfer systems were compared for transfer efficiency and recovery on PVDF and CD membranes. Comparing Figures 1  and 2 shows that proteins migrate from the gel to similar extents and that migration depended on sizes of the proteins. Figure 3 shows that with electrotransfer, CD allows some proteins smaller than approximately 45 kDa to pass through the membrane, whereas PVDF allows proteins >116 kDa to pass through. In contrast, Figure 4 shows that both CD and PVDF retain nearly 100% of proteins transferred out of the gel with capillary transfer.
Furthermore, capillary transfer allowed retention of proteins on PVDF that had a greater propensity to pass through the membrane during electro - transfer (Figure 1) . Lanes 6 and 7 show that the 45-kDa ovalbumin was retained with capillary transfer but not with electrotransfer even though the other proteins appear to have been transferred to similar extents with both methods. We do not understand why ovalbumin is retained better with capillary transfer than with electrotransfer, and we speculate that it does not have a very high affinity for PVDF and that the slower rate of the capillary transfer method allows more time for the ovalbumin to interact with and bind to the membrane. Ovalbumin is an unusual glycoprotein because although it has no free amino group at the N terminus, it apparently is not a cyclic polypeptide (5) . It also has only approximately 50% hydrophobic residues and an isoelectric focusing point (pI) of 4.6. Whatever the cause of the reduced avidity for PVDF, (lanes 1, 4, 7 and 10), mws (lanes 2, 5, 8 and 11) and MCF-7 (lanes 3, 6, 9 and 12) were transferred to the primary CD (lanes 1, 2 and 3) or PVDF (lanes 4, 5 and 6) under the conditions specified. Some proteins passed through the primary membrane to the secondary PVDF that was behind CD (lanes 7, 8 and 9) or PVDF (lanes 10, 11 and 12) during transfer.
ovalbumin illustrates the usefulness of capillary transfer for proteins that are not retained well during electrotransfer. The density data show that the mws were more completely bound to PVDF using the capillary transfer system than with the electrotransfer system. Figure  5 shows a quantitative estimate of mws transferred either by capillary or electrotransfer methods (Figure 1, lanes 6  and 7, respectively) .
A disadvantage of capillary transfer, especially for smaller proteins, is that some spatial band resolution can be lost because of the combination of increased transfer time with decreased force that together allows for greater diffusion on and along the membrane surface (Figure 1, lane 6 vs. lane 7) .
In conclusion, although electrotransfer is a rapid and easily performed procedure that allows intact proteins or fragments to be eluted at high yields (2), we have shown that there is a propensity for some proteins to pass through both PVDF and CD membrane and thus to potentially be lost. When preparing proteins for identification by amino-acid microsequencing, samples are often difficult to obtain and therefore precious. We have shown that, while slower, capillary transfer is a better choice for assuring complete retention of precious samples and for transfer efficiency that is not as protein-dependent as the electrotransfer method.
